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SAM Webinars 2017

 Overview of New Industrial Process Heat and CSP
Capabilities, May 17

* Modeling Molten Salt Power Tower Systems, May 18

e Electricity Rates and Monthly Bill Savings for
Residential and Commercial Projects, June 1

 Modeling PV-Battery Systems, July 13
e Sizing Photovoltaic Systems, August 10
* SAM Open Source, September 21
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Registration Links and Webinar Recordings
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%2 Webinars and Round Ta- X
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Webinars and Round Tables

published by Paul Gilman on Thu, 2015-05-21 14:51
Webinars

SAM webinars are one-hour lectures with question and answer sessions that cover various topics about SAM. All webinars are free and start at 2 pm Mountain. To
register for a webinar, click its name in the following list.

Overview of Mew Industrial Process Heat and CSP Capabilities, Wed May 17 2017

Modeling Molten Salt Power Tower Systems, Thu May 18 2017

Electricity Rates and Monthly Bill Savings for Residential and Commercial Projects, Thu Jun 1, 2017
Modeling PV-Battery Systems, Thu Jul 13 2017

Sizing Photovoltaic Systems, Thu Aug 10 2017

SAM Open Source, Thu Sep 21 2017

Round Tables
SAM round tables are 30-minute informal discussions online with the SAM team.
Round table registration (January - June 2017): Free, every other Thursday at 2:30 pm Mountain Time.
Recordings of Past Webinars
Video recordings and presentation materials are available for the following webinars.
2016 Webinars
Modeling a Photovoltaic Battery System in SAM 2016.3.14 h tt . | b -
Modeling a Residential Photovoltaic System in SAM 2016.3.14 pS . Sa I I I [ n re (] gov We I n a rS

SAM Demonstration in Spanish, June 2016

2015 Webinars

Battery Storage for Photovoltaic Systems, Sep 2015 -
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* What’s new for CSP in SAM 2017.1.17

* Industrial process heat (IPH) applications
* Levelized cost of heat

e Parabolic trough IPH model

e Linear direct steam IPH model
e Q&A
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New in CSP for SAM 2017.1.17

 CSP Generic model uses a different set of regression
equations for thermal losses, power cycle conversion
efficiency, and parasitic consumption

o You will need to calculate different coefficients than
for the CSP Generic model in older versions of SAM

 Power Tower model improvements to dispatch and
solar field optimization algorithms

o Tomorrow’s webinar will discuss in detail

* New solar industrial process heat models
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A note on terminology

e Concentrating solar power (CSP)

o A field of concentrating solar collectors coupled to a
power cycle for electricity generation. Typically high-
temperature, large-scale systems.

e Solar industrial process heat (SIPH, or IPH for short)

o Concentrating solar collectors used to provide direct
team or heat for a thermal process.

o Typically replaces or supplements a fossil-fired boiler

CSP = Electrici

| IPH = Process Heat
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IPH applications for trough and linear Fresnel collectors

Hot Water .
TECHNOLOGY Heating Epalii::g Industrial Process Heat
Concentrating sclar Concentrating solar
Evacuated tube Evacuated 1.1..|he
'—; Flat-plate collector - Flat plate
w L
Transpired air collector Transpired
Unglazed collector Unglazed
Pool Heating S eE ]
TE‘ Deep geothermal Deep geothermal
:E Direct use Geothermal direct use
i Space Cooling | |
e Heat pump
]
"
3I2°F IED’F |1|:I|:I='F 150°F 200°F |25|:I='F J00°F 350°F 400°F

WORKING TEMPERATURE (°F)

HTF of choice: Direct Steam Mineral Oil  Synthetic Qil

Source: EPA Renewable Heating and Cooling website, Kurup (2015) paper on IPH for Southwest U.S.
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Overview of market
status for IPH prepared
by NREL for DOE

Applications
Collector costs

Examples of systems

References to other
sources of information

www.nrel.gov/docs/fy160sti/64709.pdf

Initial Investigation into the
Potential of CSP Industrial
Process Heat for the Southwest
United States

Parthiv Kurup and Craig Turchi
National Renewable Energy Laboratory

NRELIa mummyomo somm Energy

gm%smm uc

mmsmxmmmmmmm«gy
Laboraory (NREL) 3 Waww.Nf gowpupications.

Technical
N 703
Novemper 2015

Contract No. DE-AC35-08G028308




Levelized cost of heat (LCOH)

(Total installed project cost) * (FCR) + (Annual 0&M)
Annual thermal generation

LCOH =

e Accounts for installation and operating costs, project
financial requirements, and thermal output of
collectors

e Compare cost per kWh of solar-thermal energy to
cost per MMBtu of natural gas

e Not a cash-flow method

* Requires calculating the fixed charge rate, which is
the revenue per amount of investment required to
cover the investment cost

o Described in SAM’s “LCOE Calculator” Help topic

NATIONAL RENEWABLE ENERGY LABORATORY 9



IPH models in SAM were adapted from CSP models

Q
SUNE Solar
Field

Qsr
Qres

Power
Cycle

Storage
(TES)
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Before SAM 2017.1.17, model IPH by ignoring power cycle

Q
SUNE Solar
Field

Qsr
Qres

Storage
(TES)

Power
Cycle

IDGRID

Power cycle capacity equal to solar field
capacity

Boiler operating pressure to saturated steam
pressure at solar field outlet temperature

Auxiliary heater outlet temperature to solar
field outlet temperature

Power cycle startup time and power to zero,
startup temperature to field inlet temperature

Max overdesign operation to 2 times design,
and minimum operation to 0.02

Cost and financial models not designed for
thermal application

Technique described in 2015 milestone report to DOE, available on SAM website:
“Geothermal Risk Reduction via Geothermal/Solar Hybrid Power Plants”
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Two solar industrial process heat models in SAM 2017.1.17 <

* |PH parabolic trough
o Physical model of trough collectors and receivers
o Pressurized water, oil, or salt HTF

* |PH linear direct steam
o General optical model of field
o Most of receiver at a single temperature
o Saturated steam with user-specified steam quality

o Two-phase steam at field outlet, completely
condensed at inlet
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If you are learning about concentrating solar for IPH... <

* The IPH trough model may be a better starting point

because it characterizes the system performance
more completely

o Physical models of collector and receiver
o Calculate pressure drops
o Flow rate limitations

* |PH direct steam model requires more data as input

o Optical efficiency tables or IAM coefficients
o Pressure drops
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IPH models in SAM

2 O 1 ; . 1 . 1 ; Choose a performance model, and then choose from the available financial models.

-
Biomass combustion No financial model

Geothermal LCOH Calculator
Solar water heating

Generic system

y P hys i Ca I t ro u g h a n d CSP parabolic trough (physical)
IS CIIAEES SEer i S

m Od e I S Wit h pOWG r Cyc I e CSP power tower direct steam
re m Ove d CSP linear Fresnel molten salt

CSP linear Fresnel direct steam

Basic financial model CsP dish Stiring

. CSP generic model
uses fixed-charge-rate
method to calculate
“levelized cost of heat”

 Thermal storage not yet
implemented, coming

Process heat linear direct steam

soon! (for IPH trough
with oil or salt HTF only)



IPH Paraboli




Choose performance model and financial model

Photovoltaic (PVWatts)

COH Calculator
High concentration PV LCOH Calculator

Wind

Biomass combustion

Choose “No financial model” if you are
only interested in system performance.

Geothermal

Solar water heating

Generic system

CSP parabolic trough (physical)
CSP parabolic trough (empirical)
CSP power tower molten salt
CSP power tower direct steam
CSP linear Fresnel molten salt
CSP linear Fresnel direct steam

CSP dish Stirling

CSP generic model

Process heat models are
at the bottom of the list.

CSP integrated solar combined cycle

Process heat parabolic trough

Process heat linear direct steam

Help 0] 4 Cancel
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Input pages provide access to input parameters

Eq sam 2017147

File v @Add untit

IPH Trough, LCOH Calculator

Location and Resource
System Design

Solar Field

Collectors (SCAs)
Recejvers (HCEs)

Financial Parameters

Simulate >
Parametrics Stochastic

P50 / P90 Macros

r Download a weather file from the NREL NSRDB

Click Download and type a street address o
| Download... weather file from the NREL NSRDE for Unit
SAM adds the downloaded file to the solar
—— below. Opens the Help system.

~~

F5

rChoose a weather file from the solar resource library

Click a name in the list to choose a file from the library, Type a few letters of the name in the search box to fitter the list. If your location is not in the library, try
downloading a file (see above).

Data ﬁ|e| CASAMN2017.1.1T\solar_resource\USA CA Imperial (TMY3).csv

Open library folder...

Search for | | |Name V|
Mame Station ID Latitude Lengitude Time zone Elevation 2
i 36,7667 -119.717 -8 100
. . 36.783 -119.717 8 102
s Click vertical tabs to 2867 e ; 2
USA ( d . I . 37.667 -122.117 -8 14
= isplay input pages. s R =
1ISA rrn bl v 11017 112332 o 1 h
< >
- ~Tools
City| Imperial | Time zone Latitude 32.833°N | View data |
State Elevation Lengitude -115.583 °E | Refresh library |

-Annual Weather Data Summary

Global horizontal KWh/m®/day
Click “Simulate” to run a

Average temperature *C
erage wind speed mys

Visit SAM weather data website

simulation.

Displays results without

Check the nd click E

e to the solar resource library.
Supported solar wea

Browse...

running a simulation.
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Weather file provides information about solar resource and

ambient conditions

Eq sam 2017147

N %’:“I i Download weather data
from the NSRDB.

Location and Resource AM's CSP models use a different

Click Download

Download... weather file from the NREL NSRDE for United States and some international locations, ~ time convention for weather data
Solar Field SAM adds the downloaded file to the solar resource library so it will appear in the list ~ than the NREL N3RDE. See Help for
below. details.
NSRDB Map stans
Power Block

rChoose a weather file from the solar resource library

Thermal Storage Click a name in the list to choose a file from the library, Type a few letters of the name in the search box to filter the list. If your location is not in the library, try
downloading a file [see above)],

System Costs

Search for: | |Name ~
Lifetime Mame Station ID Latitude Lengitude Time zone Elevation &
USA CA Chula Vista Brown Field Naas (TMY3) 722904 32.583 -116.983 -8 139
Time of De“\.fer}r Factors USA CA Concord Concord-buchanan Fiel (TMY3) 724936 38 -122.05 -3 T
USA CA Crescent City Faa Ai (TMY3) 725946 41,783 -124.233 -8 17
Incentives USA CA Daggett (TMY2) 23161 34.8667 -116.783 -8 588
|(|cn A Nanmet Barctma- dannett An (TAYD 722815 24 85 RALE:] -a 13 - N

Depreciation

City| Daggett | Time zone Latitude 34.8667 °N | s =L e
Country
computer. || Openlibrary folder...

-Annual Weather Data Summary

Global harizontal KWh/m®/day Average temperature 19.8 |=C
Direct normal (beam) KWh/m®/day Average wind speed

134 [kWh/m*/day Visit SAM weather data website

Folder settings...

|
Refresh library |
|
|

Data file

my/s

Diffuse horizontal

r Use a specific weather file on disk

Simulate > I_‘_ 0 Browse...
_ e Ctmphactie Check the box and click Browse to choose a weather file stored on your computer without adding it to the salar resource library.
Parametrics Stochastic Supported solar weather file formats are SAM CSV, TMY2, TMY3, and EPW,

P50/ P90 Macros
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System Design page provides access to main design

parameters

Eq sam 2017147

Design point DNI determines size of field

File v @Add untitled v . . o
assuming summer SOIStICE sun pOSItlon.

IPH Trough, LCOH Calculator

r Design Point Parameters /

Location and Resource ~Solar Field
oesign pant o[ ¥ m]w

Target solar multiple 1

Solar Field Target receiver thermal power MWt
Loop inlet HTF temperature _

Collectors (SCAs) P :

Loop outlet HTF temperature m

Target solar multiple for systems

System Design
with storage (available soon).

m®
C
*C

Receivers (HCEs)

-System Awvailability and Curtailmen it
Financial Parameters Curtailment and availability losses reduce the Constant less: 4.0 3%
systermn output to represent systermn outages or Hourly losses: Mone
other events. Custom periods: None

rSystem Summary

Actual solar multiple
7,8720 |m* Actual field thermal output MWt

Actual number of loops

II

Total aperture reflective area

Simulate > I_‘_

Parametrics Stochastic

P50 / P90 Macros
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Loop inlet and outlet temperatures should be within HTF

operating ranges

Eq sam 2017147

untitled v

File v () Add

IPH Trough, LCOH Calculator

r Design Point Parameters

—-Heat Sink

Location and Resource ~Solar Field

System Design

Target solar multiple

5.19

Solar Field

Target receiver thermal power

Design point DNI mez

Heat sink power MW
Pumping power for HTF through heat sink kW/kg/s

MWt

Loop inlet HTF temperaturz 90

—

Collectors (SCAs)

Loop outlet HTF terperatu

- Choose Number of Loops |

*C

Receivers (HCEs)

—

-System Awvailability and Curtailmen it
Financial Parameters Curtailment and availability losses reduce the
system output to represent system outages or
other events.

Constant lass: 4.0 %
Hourly losses: Mone
Custom periods: None

rSystem Summary

Actual number of Ioops
Total aperture reflective area 78720 |m®

Actual solar multiple
Actual field thermal output MW

HTF properties are on the

Solar Field input page.

rHeat Transfer Fluid

Field HTF min cperating tem
Field HTF max operating temn

A\

\
Field HTF fluid | Préssurized Water

User-defined HTF fluid t...

o
<
Freeze protection temp 10 [°C

Min single loop flow ratekgfs
Max sinale loop flow rate 12 kos

N EGCR

temperatures, so

Parametrics Stoct

P50 / P90 Macros

SAM allows the system to operate outside of these HTF operating
you should check temperatures in results to
avoid exceeding physical limits.
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Heat sink power is the capacity or thermal load of the system

in thermal megawatts

Eq sam 2017147

File v @Add untitled v

IPH Trough, LCOH Calculator

r Design Point Parameters
Location and Resource -Solar Field ~Heat Sink

W/m?® Heat sink power MWt
Pumping power for HTF through heat sink kW/kg/s

| Choose Number of Loops |

. Design point DNI
System Design e
Target solar multiple
Solar Field Target receiver thermal power 519 MWt

*C

Loop inlet HTF temperature

Collectors (SCAs)

Loop outlet HTF temperature 150 |=C

Regaia
Either type a value for the heat sink power, or click “Choose Number of

Loops” to calculate the power based on a desired number of loops.

System Summary

Actual number ofloops Actual solar multiple
Total aperture reflective area 78720 |m® Actual field thermal output MW

SAM calculates the system summary parameters
based on the other values you enter.

Simulate > I_‘_

Parametrics Stochastic

P50 / P90 Macros
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The “constant loss” of 4% is equivalent to a 96% annual

availability factor and may not be appropriate for IPH

Eq sam 2017147

File v @Add untitled v

IPH Trough, LCOH Calculator

r Design Point Parameters
Location and Resource ~Solar Field

. Design point DI W/m?®
System Design e

Target solar multiple
Solar Field Target receiver thermal power 519 MWt

Loop inlet HTF temperature

Collectors (SCAs)

Loop outlet HTF temperature 150 |=C
Receivers (HCEs)

—-Heat Sink

Heat sink power MW
Pumping power for HTF through heat sink kW/kg/s

Choose Number of Loops |

-System Awvailability and Curtailmen it
Financial Parameters Curtailment and availability losses reduce the
system output to represent system outages or
other events.

Click “Edit losses” to change

Constant lass: 4.0 %
Hourly losses: Mone
Custom periods: None

the default value.

Actual solar multiple
Actual field thermal output MW

Simulate > I_‘_

Parametrics Stochastic

P50 / P90 Macros

NATIONAL RENEWABLE ENERGY LABORATORY




Solar Field inputs are the same as physical trough model,
except for piping between solar field and heat sink

Eq sam 2017147

File v @Add untit

IPH Trough, LCOH Calculator

rSystem Design Parameters

Location and Resource Design Point DMI W.."mz Loop inlet HTF temperature"C

Target solar multiple Loop outlet HTF temperature *C
System De5|gn Target receiver thermal power MWt
Solar Field ) .

rSolar Field Design Point
Collectors (SCAs) Single loop aperture 26240 |m* Actual number of Ioops
. Loop optical efficiency 0713 Total aperture reflective area 5.248.0 |m*

Receivers {HCES) Total loop conversion efficiency 0.6937 Actual solar multiple
Financial Parameters Total required aperture, SM=1 5,248.0 |m* Actual field thermal output MW

Required number of loops, SM=1

rSolar Field Parameters

rHeat Transfer Fluid

Row spacing 15 [m Field HTF fluid | Pressurized Water s

Stow angle 170 |deg

10 |deg

4.57e-005 |m
0.85
0.45 |W/m*-K
125.0 |W/sca

70000 | Includes only first header in subsection
unless you check this box.

I eader design mun tiow velocr

User-defined HTF fluid Edit...
Deploy angle

Field HTF min operating temp 10|°C
220 |°C

10

Header pipe roughness

Field HTF max operating temp

pump efficiency

IPH model allows
one subsection.

Freeze protection temp

al loss coefficient

hAi

]
8

Number of field subsections | 1

I

Model piping through heat sink? [£]

Length of piping through hs

Collector Orientation These parameters affect heat loss, thermal
inertia and capacity, and pumping power.

Simulate > I_‘_ rMirror Washing Plant Heat Capacity

e . Hotpiping thermal inertia| 0.2 |kWhi/K-MWt
Parametrics Stochastic Water usage per wash L/m’,aper.
Cold piping thermal inertia| 0.2 [kWht/K-MWwt
' S Washes per year
P30/ P30 Macros Field loop piping thermal inertia 4.5 (Wht/K-m W
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Unlike CSP model, IPH model only defocuses field when HTF
flow rate exceeds maximum flow limit

Eq sam 2017147

File v @Add untit

IPH Trough, LCOH Calculator -System Design Parameters

Location and Resource Design Point DNI W.."mz Loop inlet HTF temperature"c

Target solar multiple Loop outlet HTF temperature *C
System DESign Target receiver thermal power MWt
Solar Field

rSolar Field Design Point
Collectors (SCAs) Single loop aperture 2,624.0 |m* Actual number of Ioops
. Loop optical efficiency 0713 Total aperture reflective area m*
Receivers {HCES) Total loop conversion efficiency 0.6937 Actual solar multiple
Financial Parameters Total required aperture, SM=1 52480 |m? Actual field thermal output|  3.46 |Mwit
Required number of loops, SM=1 2.00

rSolar Field Parameters Heat Transfer Fluid

Row spacing Field HTF fluid | Pressurized Water s

Stow angle User-defined HTF fluid Edit..

Flow rate limits determine when field Field HTF min operating temp 10]°¢

Field HTF max operating temp 220 (°*C

defocuses collectors. Freeze protection temp 10]c
1 kg/s
Tracking power per SCA W,.I’sca

Mazx single loop flow rats 12 |kgfs

Total tracking power w
Min field flow velocity 0.228212 |m/s
Number of field subsections
Max field flow velocity 287905 \m/s

Model piping through heat sink? ]
piping d Header design minﬂowvelocitymfs

Length of piping through heat sink 50.0 |/m Header design max flow velocity m/s

rCollector Orientati

=
]
=
=
1]
2
m

Collector tilt deg Tilt: horizontal=0, vertical=90

Collector azimuth I:Ideg Azimuth: equator=0, west=90, east=-90

Simulate > I_‘_ rMirror Washing Plant Heat Capacity

Hot piping thermal inertia KWht/K- MWt
Water usage per wash L/m" aper.

Cold piping thermal inertia| 0.2 [kWht/K-MWwt
' S Washes per year
P50/ PS0 Macros Field loop piping thermal inertia 4.5 |Wht/K-m v

Parametrics Stochastic
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Collectors are the same as the CSP physical trough model

Eq sam 2017147

File v () Add

untitled v

IPH Trough, LCOH Calculator ~Collector Library
Location and Resource Search for | Name -
System Design MName Reflective aper... Aperture width... Length of colle.. Mumber of mo... *
AlbiasaTrough AT150 817.5 5.774 150 12
Solar Field Siemens SunField 6 545 5.776 95.2 8
SkyFuel SkyTrough (with 80-mm OD receiver) 656 f i
Collectors (SCAs) FLABEG Ultimate Trough RPE {with 89-mm OD receiver for oil ... 1720 . . Qo
g Diagram of loop showing position
FEIziEE R Collector types in loop configuration | Cold-1-1-1-1-Hot Of COI Iector types as defi ned at

Choose a collector from the

bottom of Solar Field page.

aryl SkyFuel SkyTrough (with 80-mm OD receiver) |

Apply Values from Library |

library...

Reflective aperture area

Aperture width, total structure

Length of collecter assembly

...and then apply parameters from

library to collector type.

r Optical Parameters
Incidence angle modifier coefficients
Tracking error

General optical error

Edit data... Geometry effects 0.952

0 Mirror reflectance 0.93

Dirt on mirror 0.97

r Optical Calculations
Length of single module

|AM at summer solstice

14.37% |m End loss at summer solstice 0.999614

1.00176

Optical efficiency at design

@ Collector Type 2
@ Collector Type 3
@ Collector Type 4

N EGCR

Lk

Parametrics Stochastic

P50 / P90

If the field contains different types of collectors,

configure them here.
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Use the loop configuration to set number of collectors per
loop, assign collector and receiver types, and defocus order

Loop configuration is at bottom of Solar Field page.
You may need to scroll down the window to see it.

Single Loop Configuration 1. Type number of collector
The: pEn:lfln:atln:nn below is or assemb“es per |OOp

Reset Defocus

2. Click a collector to select it.

Collector type number

Receiver type number Defocus order is not applicable for IPH model.
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Receivers are the same as the CSP physical trough model

Eq sam 2017147

File v @Add untit

IPH Trough, LCOH Calculator ~Receiver Library

Location and Resource Search for: | Name v

System Design MName Absorber tube ... Absorbertube.. Glass envelope.. Glass envelope.. *
Solel UVAC 3 0.066 0.07 0.115 0121

Solar Field Siemens UVAC 2010 0.066 0.07 0.109 0.115
Schott PTRE0 0.076 0.08 0.115 0.12

Collectors (SCAs) Rowal Tech €SP RTUVR 2014 (Manufacturer Snecifications N.0RA nn7 n11g n17s S
< >

Receivers (HCEs

( ) Receiver types in loop conﬁguration| Cold-1-1-1-1-Hot |

Financial Parameters ;
Receiver Type 1

Receiver name from library | Schott PTR20 | | Apply Values from Library |

rReceiver Geometry

Absorber tube inner diameter 0.076 |m Absorber flow plug diameter I:I m
Absorber tube outer diameter 0.08 |m Internal surface roughness
Glass envelope inner diameter 0113 [m Absorber flow pattern
Glass envelope outer diameter 012 |m Absorber material type

r Parameters and Variations

Variation 1 Variation 2 Variation 3 Variation 4%

Wariant weighting fraction*| 0.985 | | 0.01 | | 0.005 | | 0

Absorber Parameters:

Absorber absorptance| 0.963 | 0.963 0.8 0
Absorber emittance =y Table.. | 0.65 0.65 0

Envelope Parameters:

Envelope absorptance 0.02 0.2 0 0
Envelope emittance 0.86 0.86 1 0
Envelope transmittance 0.964 0.964 1 0
N EGCR I.‘. [IBroken Glass [IBroken Glass Broken Glass ] Broken Glass

Parametrics Stochastic Gas Parameters;

=
<
i
<
i
<
i
<

Annulus gas type
Annulus pressure (torr) 0.0001 750 750 0 hd

NATIONAL RENEWABLE ENE LABORATORY
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Either provide a fixed charge rate (FCR), or use the calculator

and provide financial parameters

n SAM 2017137

File v @Add untit

IPH Trough, LCOH Calculator

Location and Resource

System Design
Solar Field
Collectors (SCAs)
Receivers (HCEs)

Financial Parameters

N EGCR

Lk

Parametrics Stochastic

P50 / P90 Macros

NATIONAL RENEWABLE ENE

rLevelized Cost Of Heat

This model calculates the levelized cost of the net heat delivered from the solar field to the heat sink. The sclar field model consumes electricity to
pump the HTF and move the collectors. The model applies the electricity rate specified here to calculate the annual electricity cost. This cost is then
added to the specified fixed annual operating cost in the finanical model. The Levelized Cost of Energy Calculator structure below is taken unchanged
from the other 5AM models, but the user should note that here it estimates levelized cost of thermal energy (LCOH).

Electricity Rate §/kWh

rLCOE Calculator

suitable for more detailed project analysis. See Help for details,

NREL Annual Technology Baseline and Standard Scenarios website

The fixed-charge rate method of calculating the levelized cost of energy simplifies time-dependent calculations and is appropriate for market-level analysis
such as for the NREL Annual Technelogy Baseline, or for very preliminary project analysis. The cash flow method of 5AM's other financial models is more

FCR is either the value you enter, or

-Capital and Operating Costs
System capacity 345861 |kwW

() Enter costs in § (®) Enter costs in §/kW

Capital cost 2,755,000.00 560,00
Fixed operating cost (annual) 41,600.00

Variable operating cost 0.0010 |5/kWh
-Financial Assumptions

the value SAM calculates from the

financial parameters you enter.

() Enter fixed charge rate
Fixed charge rate (real) 1 Analysis period
Inflation rate
Internal rate of return (nominal)
Project termn debt
Mominal debt interest rate

Effective tax rate

Depreciation schedule

g
5

LA

Annual cost during censtruction

Meominal construction interest rate

|-Reference Values

(®) Calculate fixed charge rate

Fixed charge rate (FCR)

FCR = CRF - PFF - CFF (see below)

10 |years

2.5 %/year

%o/year

100 | % of capital cost
3 | %/year

%/year

% of capital cost
100 | % of capital cost

Falyear

LABORATORY




Run a simulation to generate results

When you run a simulation, SAM performs a set of
Click Simulate calculations for each hour of the year to calculate the
thermal energy produced by the solar field.

Pq'”:“me :}E"‘- If you included the LCOH calculator when you created
the case, it also calculates the LCOH using the sum of
the hourly energy values to represent the total annual
thermal energy produced by the field.

P50 / P90 Macros
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The Metrics table
displays a summary of
results

 Annual energy and
annual field energy are
the same when freeze
protection energy is
Zero

Electricity load is for
pumping and tracking
power

Annual energy (year 1] 7,380,923 KWh-t
Annual field energy (year 1) 7,389,923 KWh-t
Annual thermal freeze protection (year 1) 0 kWh-t

Annual electricity load (year 1) 25,762 kWh-e
Levelized cost of heat 3.33 ¢/kWh-t

Increase freeze protection
temperature on Solar Field page

to add freeze protection energy.

Field HTF flulgd | Pressurized Water v

Min single loop flow ratekg!s
Mazx single loop flow ratekg!s
Min field flow velocity m/s
Max field flow velocity mys
elocity mys
locity m/s

Header design min flow v

Header design max flow velo




With no freeze protection, field thermal power is the same as

heat sink thermal power
B sam 2017117 Click Time series to see
File v (¥)Add  untitled v graphs of hourly results.

IPH Trough, LCOH Calculator

Summary Data tables Graphs Time'series Profiles Statistics Heat map PDF / CDF
Rkl R .
OO Time at end of timestep (hr)

OO Rescurce Month

[0 Resource Hour of Day

OO Rescurce Seolar Azimuth (deg)

OO Resource Solar Zenith (deg)

mﬂesource Beam normal irradiance (W/mz2)

[ Rescurce Dry bulb temperature ()

OO Resource Wet bulb temperature (C)

[ Reseurce Wind Speed (m/'s)

[0 Resource Pressure (mbar)

[0 Field collector solar incidence angle (deg)

Location and Resource

System Design
Solar Field

OO Field cellecter cosine efficiency

OO Field collector incidence angle modifier

[ Field collector row shadowing loss
[ Field collector optical end loss
\ J \_ OO Field collector DNI-cosine product (W, m2)
[ Field optical efficiency before defocus
OO Field fraction of focused SCAs
OO Field thermal power incident (MWt)
ap0fF OO Field thermal power incident after cosine (MWt)
OO Receiver thermal power incident (MWt)
[ Receiver thermal losses (MWt)
O Receiver thermal power absorbed (MWt)
OO Field piping thermal losses (MWt)
[ Field change in material/htf internal energy (MWt)
mFieId thermal power leaving in HTF (MWt)
OO Field freeze protection required (MWt)
[0 Receiver mass flow rate (kg/s)
00O Field total mass flow rate (kg/s)
OO Field timestep-averaged inlet temperature (C)
O Loop timestep-averaged inlet temperature (C)
OO0 Loop timestep-averaged outlet temperature (C)
OO Field timestep-averaged outlet temperature (C)

o
=

-~
=

8

=
=

g

g

Resource Bearmn normal irradiance (Weoma)
Ln
=
T

i 100F 0O Field pressure drop (bar)
SIS I'“ 0 ] 1 ! ‘ | ] OO Field collector tracking power (MWe)
Parametrics Stochastic Jun 18 Jun 19 Jun 20 Jun 21 Jun22 Jun 23 D10 Field htf pumping power (MWe)

m Heat sink thermal power (MWt) v
PS0 / P90 Vacios I > E it v )
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IPH Trough Example: Freeze protection energy with VP-1 oil as_.v“":

HTF instead of pressurized water

1. Change HTF on Solar Field page
o HTF operating temperatures change with the HTF

o For areal analysis, you would need to change the costs to
account for the different HTF

2. On the System Design page, change design loop inlet
and outlet temperature to be consistent with oil HTF

3. On the Solar Field page, change the freeze protection
temperature to 220 °C

4. Run a simulation, and note the differences in results
o Field and heat sink energy are different
o Heat loss and pumping power changes with HTF

NATIONAL RENEWABLE ENERGY LABORATORY



IPH Linear Direc




For IPH direct steam, you do not configure the loop

u SAM 2017.1.17: FAOneDrive\SAMVIPH\2017 Webinarwebinars-2017-industrial-process- heat-example.sam - O >

File v @Add Trough v Linear Direct v

IPH Lii st , LCOH Calculat
inear (steam) alculator [ «an Point Parameters

Location and Resource ~Solar Field

) DesignpeintDNI[  950]
System Design e
Target solar multiplem

Solar Field Target receiver thermal power_ Heat sink fractional pressure drop 0.070
. Field inlet tem erature
Collector and Receiver .

Fild outet stearm cuaity| 074 Steam quality is two-phase at outlet and
“System Availailty and Curtaiiment completely condensed at inlet.

Curtailment and availability losses reduce the Edit losses... | Constant loss: 4.0 %

system output to represent system outages or ourly losses: None
other events. Custom periods: Mone

-Heat Sink

Heat sink powerMWt
Heat sink inlet pressure bar

Wim?
MW
*C

Financial Parameters

The default loss may not be
appropriate for an IPH system.

Direct steam model requires knowledge of pressure
drops versus size and number of modules in a loop —
unlike the trough model, they are not calculated by the

- model. Also, no flow rate limits.
Simulate > I_‘_

Parametrics Stochastic

P50 / P90 Macros
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Solar field consists of a single boiler section with no

n SAM 2017.1.17: FAOneDrive\SAMVIPH\2017 Webinariwebinars-2017-industrial-process-heat-example.sam

File v @Add Tro

IPH Linear (steam), LCOH Calculator QR RS yieN AT

Location and Resource DesignPointDNI[_______ 350 Jw/m?® Field inlet temperature| 1000 ]'C
. Target solar multiple Heat sink inlet pressurebar
System De5|gn Target receiver thermal powerMWt Field outlet steam quality
Solar Field
rSolar Field Design Point
Collector and Receiver I Single loop aperture 3081.6 (m2 l Actual number ofloops
Loop optical efficiency 0.74613 Actual aperturem.'l
Financial Parameters Leop thermal efficienc_',r Actual solar multiple
Total loop conversion ef'ficiency Actual field thermal outputMWt
Total required aperture, 5M=1 m?_
Required number of loops, SM=1

rSolar Field Parameters

Number of modules in boiler section —
Solar elevation for collector nighttime stow deg
Solar elevation for collector morning deploy deg

Stow wind speed m.."s

Collector azimuth angle 0 deg

Set number of boiler modules to set the
single loop aperture area.

Freeze protection temperature 'C
Field pump efficiency

Design point ambient termperature

Tracking power

Piping thermal loss coefficient W/K-m2-aper

o

r Mirror Washing

Design ambient temperature used in  |IEE—_—_—Gtr -
heat loss polynomials to calculate
rLand Area

Solar field areal thermal effICIenCy at deSIgn' Total land areaacres

Simulate > I_‘_

Parametrics Stochastic

P50/ P90 Macros
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Pressure drops not modeled physically

n SAM 2017.1.17: FAOneDrive\SAMVIPH\2017 Webinariwebinars-2017-industrial-process-heat-example.sam

IPH Linear (steam), LCOH Calculator QR RS yieN AT

Location and Resource Design Paint DNI mez Field inlet temperature'C

) Target solar multiple 120 Heat sink inlet pressurebar
System De5|gn Target receiver thermal power MWt Field outlet steam quality
Solar Field

rSolar Field Design Point
Collector and Receiver Single loop aperture 3081.6 (m2 Actual number ofloops
Loop optical efficiency 0.74613 Actual apertureml
Financial Parameters Loop thermal efficiency 0.977567 Actual solar multiple
Total loop conversion efficiency 0.729392 Actual field thermal outputMWt
Total required aperture, 5M=1 721581 |m2

Required number of loops, SM=1

rSolar Field Parameters

rSteam Design Conditions

Mumber of medules in boiler section

Cold header pressure drop fraction m
Solar elevation for collector nighttime stow 10 |deg Boiler pressure drop fraction 0.0753
Solar elevation for collector morning deploy 10 |deg Average design point hot header pressure drop fraction 0.025

Stow wind speed 20 m/fs

U L

Collector azimuth angle 0 deg
Design point ambient termperature 42

0.20

'C

Tracking power W/m2

r Mirror Washing

rLand Area

Solar field area 1.52296 |acre

Mon-solar field land area multiplier Total land area 1.82755 |acres

Simulate > I_‘_

Parametrics Stochastic

Macros
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BUG: Actual number of loops is not calculated correctly

n SAM 2017.1.17: FAOneDrive\SAMVIPH\2017 Webinariwebinars-2017-industrial-process-heat-example.sam

File v @Add Trough v Lin

IPH Linear (steam), LCOH Calculator QR RS yieN AT

Location and Resource

System Design

Design Point DNI

W/m* Field inlet terperature 'C
20 Heat sink inlet pressurebar

—

Target solar multiple

Target receiver thermal power Mt Field outlet steam quality

Solar Field . T
rSolar Field Design Point
Collector and Receiver Single loop aperturem?_ Actual number of loops 4
Loop optical efficiency 0.74613 Actual aperture
Financial Parameters Loop thermal efficiency 0977567 Actual solar multip} 0.854124
Total loop conversion efficiency 0.729392 Actual field thermal outp/t 427062 | MWt
Total required aperture, 5M=1 7215.81 |m2

Required number of loops, SM=1

Bug in the user interface calculation results in a field e
with one fewer loop than indicated here. For IPH
systems with small fields, this can significantly decrease

WILL BE FIXED IN UPDATE AT END OF MAY 2017

=
=

rop fraction 0.0753
0.025
2.2 |bar

o
M

'ﬂmma
E- B
& 0 3 F
a0

T & =z 4
5 9 o
2 75 5 3

the solar multiple.

=
[==]
o

rPlant Heat Capacity

r Mirror Washing

Wat h inerta per un -
glerusage perwas Lim2.ap Thermal inertia per unit area of solar field K/ K-m

rLand Area

—y
=l
Ln
Ln
o
[}
=
m
i

Solar field area 1.52296 |acre Mon-solar field land area multiplier Total land area

Simulate > I_‘_

Parametrics Stochastic

P50/ P90 Macros
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Boiler section is a generic optical model, and requires that you
characterize the field optical efficiency outside of SAM

n SAM 2017.1.17: FAOneDrive\ SAMYIPH\2017 Webinar\webinars-2017-industrial-process-heat-example.sam

File v @Add

IPH Linear (steam), LCOH Calculator

r Boiler Geometry and Optical Performance
Reflective aperture area 313.6 (md

Location and Resource

System Design Length of collector module 448 |m

Tracking error
Optical characterization method:

Solar Field
Geometry effects
i Solar position tabl
Collector and Receiver Mirror reflectivity| 0,935 ® Solar position table

M i (O Collector incidence angle table
irror soiling ) n
(O Incidence angle modifiers

Financial Parameters

I!

General optical error

-Solar Position/Collector Incidence Angle Table

Import... | | Export... || | Copy | | Paste | Rows (zenith): Cols (azimuth):
0 -180 -160 -140 -120 -100 -80 -60 A0 ad
0 1 1 1 1 1 1 1 1
10 0.98 0.974445 0.971976 0.972847 0.97691 0.97691 0.972847 0.971976
20 093 0922976 0.92893 0.946005 0.954019 0.954019 0.946005 0.92893
30 0.84 0.838618 0.870691 0.913021 0.940811 0.940911 0.913021 0.870691
A0 0.72 0729947 0.803687 0.866961 0.900039 0.900039 0.866961 0.803687
50 0.55 0.591255 0.707454 0.793509 0.83956 0.83956 0.793509 0.707454
60 0.34 0.432178 0.597478 0.664006 0.693511 0.693511 0.664006 0.597478
70 013 0.265254 0.425586 0.464496 0477106 0477106 0.464496 0.425586
80 0.01 0.113694 0.20891 0.233255 0.238828 0.238828 0.233255 0.20891 .,
£

Specifying solar position table: Rows indicate solar zenith an Optical effiCiency tables Or |AM CoeffiCientS

Specifying collector incidence angle table: Rows indicate lon

are available in the research literature.

~Incidence Angle Modifier Coefficients

Const 1 c2 3 c4
Transverse incidence angle modifier 0.9896 0.044 -0.0721 -0.2327 0
Lengitudinal incidence angle modifier 1.0031 -0.2259 0.5368 -1.6434 0.7222

: Receiver Geometry and Heat L
Simulate > I_‘_ eiver Geometry a oss :
|Poh,vnom|a| heat loss model Vl
Parametrics Stochastic -Polynomial fit heat loss model
P50 / PO Macros CO (W/m) C1 (W/m-K] C2 (W/m-K2) C3 (W/m-K+3) C4 (W/m-K»4)
D\ Vacios Steam temperature adjustment | ol | 0672 | 0.002556 | | ol | ol N7
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Receiver parameters

n SAM 2017.1.17: FAOneDrive\ SAMYIPH\2017 Webinar\webinars-2017-industrial-process-heat-example.sam

File v @Add

Trough v Lin

LRI E D VRN LR TGS -Receiver Geometry and Heat Loss
Location and Resource \*h’mm' et loss mode! vl
-Polynomial fit heat loss model
System Design co Wlm] C1 (W/m-K} C2 (W/m-K2) C3 (W/m-K*3) C4 (W/m-K*4)
Steam temperature adjustment | I 0 | | 0.672 | | 0.002556 | | 0 | | 0 |
Solar Field co 1 (1/m/s]) C2(Um/s*2) 3 (UMM 4 (1m/s)hd)
Collector and Receiver Wind velocity adjustment | I 1 | | 0 | | 0 | | 0 | | 0 |
-Evacuated tube heat loss model
Financial Parameters Absorber tube inner diamete 0.068 |m Absorber flow plug diameter 0'm
Absorber tube outer diametzr 0.07 'm Internal surface roughness 4.5e-005
Glass envelope inner diamgter 0.115 |m Absorber flow pattern Tube flow ht
Glass envelope outer diarjeter 0.12 |m Absorber material type 3041 ~
Variation 1 Variation 2 Variation 3 Variation 4~
St T 0.985 0.01 0.005 ]
Specify polynomial coefficients or use & 056 i :
: DRETYRI - | 065 065 01384
physical model of evacuated tube. 002 002 0 0
Envelope emittance 0.86 0.86 1 0
Envelope transmittance 0.963 0.963 1 0
Broken Glass Broken Glass Broken Glass Broken Glass
Annulus gas type | Ajr ~ Air ~ Air ~ Air ~
Annulus pressure (torr) 0.0001 750 750 0
Estimated avg. heat loss (W/m) 150 1100 1500 ]
Bellows shadowing 0.96 0.96 0.96 ]
Dirt on receiver 0.98 0.93 1 0
rAggregate Weighted Losses
Average field temp difference at design 'C
Simulate > I.‘. Heat loss at design W!m
Parametrics Stochastic Recenver thermal derate
: Receiver optical derate
Pl ez Collector optical loss at normal incidence 0.74613 7
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Q&A Session |

* If you have questions after the webinar or are
watching a video recording, please contact us with
guestions:

o https://sam.nrel.gov/support

o sam.support@nrel.gov
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https://sam.nrel.gov/support
mailto:sam.support@nrel.gov?subject=Question about IPH webinar

Thank youl!
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